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COVER: A 100-mg weight is being placed on the sensitive thermobalance used to detect 
changes in weight of coordination polymer samples as they are heated in vacuo. The 


measurements thus obtained are an indication of polymer thermal stability. (See p. 78) 


X-ray Spectrochemical Analysis of Cement 


A STUDY of cements by x-ray spectrochemical anal- 
ysis is being conducted at the Bureau. The purpose 
of this study,' by Leonard Bean, is to determine the 
feasibility of using x-ray spectrochemical analysis as 
a routine test method for cement to replace the con- 
ventional chemical methods. The results of the work 
to date show that the x-ray spectrochemical method is 
potentially suitable for this work, but with present 
equipment and sample preparation, it does not reduce 
the overall man-hours required to perform the tests. 

The Bureau has been delegated the responsibility 
for maintaining Federal specifications for portland 
cement. The Bureau is also responsible for the testing 
of cement purchased by other government agencies for 
use in important construction. Because of these re- 
sponsibilities, and the fact that traditional methods of 
analyzing cement are both time-consuming and ex- 
pensive, the Bureau has been working toward revi- 
sion and updating of methods for chemical analysis. 
As there are about 175 cement-producing plants in the 
country, a rapid, low-cost method of analysis is needed 
that can be used to analyze any cement produced at any 
plant. 

X-ray spectrometers are in use at a number of 
cement-manufacturing plants for control of raw ma- 
terials and finished products, but the use of such ap- 
paratus for analysis of materials from a single source 
presents fewer problems than when used on products 
from a wide variety of compositions. It is this latter 
requirement that so far has made necessary the time- 
consuming sample preparation. 

A commercial x-ray spectrometer with curved-crys- 
tal optics and two types of detectors capable of deter- 
mining simultaneously the 10 elements of interest in 
cements was obtained.?. This apparatus must be cali- 
brated by the use of materials of known chemical com- 
position. The need for a range of such materials, both 
in this work and in the use of these techniques in indus- 
try, led to the preparation and issuance of five new 
NBS standard samples of cement with a range of com- 
position, to augment the previous standard sample 
(NBS 177), already available.* In addition to the 
new standard samples, 6 other cements were selected 
and chemically analyzed. The NBS standard samples 
were used to prepare the calibration curves. The other 
6 cements were treated as unknowns, and their com- 
positions determined by x-ray spectrochemical analysis. 


In the conventional methods minor constituents such 
as titanium, manganese, strontium, and phosphorus 
are not separated from the major constituents as is the 
case in the x-ray method. For example, the alumina 
content obtained by conventional methods also includes 
titanium dioxide and phosphorus pentoxide. The x- 
ray method also gives information on minor consti- 
tuents which are difficult to determine chemically and 
which may, in the future, be found to play an important 
part in the performance of cement. 

To date it has been possible to obtain the required 
accuracy only by eliminating the effect of crystalline 
structure through fusion of the sample with lithium 
tetraborate and subsequent grinding to a uniform par- 
ticle size by a special technique. Boric acid is added as 
a binder to form the pellet used for analysis in the spec- 
trometer. Although only 5 min are required to make 
the x-ray measurements, the time required to prepare 
the sample makes the total number of man-hours in- 
volved in an analysis roughly the same as that for the 
conventional chemical methods. New methods of 
sample preparation are under study; when combined 
with improved equipment, they may reduce the time 
factor considerably. 

The present study is continuing with the goals of re- 
ducing the time required for analysis and of obtaining 
better accuracy. Efforts will be made to improve in- 
strumentation and to develop sample preparation 
methods. 


* Leonard Bean and Barry W. Mulligan, X-ray spectro- 
chemical analysis of materials: cement and dental alloys, 
presented at ASTM-RILEM symposium, The Impact of 
Modern Physics on Materials, Feb. 1964. 

* Lithium fluoride crystals and proportional counters 
were used for calcium, iron, manganese, titanium, and 
strontium. Ethylenediamine d-tartrate (EDT) crystals 
and flow Geiger counters were used for phosphorus, sili- 
con, and for aluminum. An ammonium dihydrogen phos- 
phate (ADP) crystal and a flow Geiger counter were 
used for magnesium. A sodium chloride crystal and a 
flow Geiger counter were used for sulfur. 

8 NBS Standard Samples, 1011, 1013, 1014, 1015, and 
1016. For further information on these standards, see 
NBS Tech. News. Bull. 46, 174 (1962). Standard sam- 
ples issued by the National Bureau of Standards are 
described in Standard Materials, NBS Mis. Publ. 241 
This publication may be ordered for 30 cents from the 
Superintendent of Documents, U.S. Government Printing 
Office, Washington, D.C., 20402. Up-to-date supplemen- 
tary inserts are available upon request directly from 


NBS. 


Accuracy data for six cements: differences between x-ray and chemical values 


Cement No. %CaO %Fe,O3 %Mn,O %TiOz %SO3 %SiO, %A1,03 %MgO %SrO 
> ILS cy he a +0. 11 +0, 22 —0. 04 —0. 02 0 +0. 24 +0. 42 +0. 13 0 
A ek Cin ie +.55 0 +.01 0 +.15 +. 33 +.08 —.01 
Dea by 15 eg +, 24 +,02 —.05 —.03 —.17 +, 40 +.12 —.01 
> te oe rr +.21 +.01 —.02 —.02 0 +. 23 +.42 +.03 +.02 
EXC eee +.13 —.05 —.03 —.01 —.23 0 —. 43 —.01 
Xena eee Ole mn ee +.54 +. 02 —. 04 —.01 —.09 +.09 +.10 0 
Averaged... 0.0... . +0. 30 +0. 03 —0. 03 —0. 00, —0. 00, +0. 02 +0. 28 +0. 00; —0. 00, 
Sav hes tot sre sear Ore (GS) 0. 09 0. 03 ; 0. O1 0. 19 4) 0. 20 0. 01 
BGs 
*Not reported because of presence of bias. 
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Mercury 2537-A Line Isotope Shifts 
Measured With Unequaled Accuracy 


ISOTOPE shifts in the 2537-A line of mercury now 
have been measured with an accuracy never attained 
previously. The NBS measurement ' involved a selec- 
tive excitation technique that permits use of interferom- 
eters having long path lengths and high resolving power. 
This technique is an important feature of a recently 
developed optical method for studying atomic struc- 
ture. Walter G. Schweitzer, Jr., devised the method 
in an effort to obtain more accurate data on the hyper- 
fine structure and isotope shifts of the mercury 2537-A 
line. With modifications, the procedure could be ap- 
plied to the study of resonance lines of some other 
elements. 

In the NBS method, interferometric measurements 
are made on the absorption spectrum of an atomic 
beam. Because the spectral width of any line from 
the beam is much less than that of a line from a more 
conventional source, it is possible to separate structural 
components that otherwise would overlap extensively. 
The selective method of excitation—accomplished by 
means of a source consisting of a single isotope excited 
in a magnetic field—allows the components to be re- 
corded either one at a time—or at worst—a few at a 
time. 

Mercury is one of the most readily studied elements 
because it emits sharp, widely separated, bright lines 
at room temperature and is relatively easy to work 
with. For these reasons, mercury lines are of con- 
siderable interest as length and wavelength standards. 
A vast amount of time and effort has been expended on 
the study of the atomic structure of mercury, and espe- 
cially on the study of the mercury resonance line at 
2537-A. In fact, this line probably has been the sub- 
ject of more research than any other spectral line. Yet 
it is only within the last few years that discrepancies 
among the results of various investigators of the 
2537-A line have begun to converge. Because prog- 


ress in understanding the 2537-A line has closely 
paralleled progress in understanding atomic physics 
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and spectra in general, new methods for the study of 
atomic structure frequently are applied initially to the 
study of this line. 

The 2537-A line is the strongest resonance line— 
line representing a transition to the ground state—of 
mercury at a wavelength suitable for experimental 
investigation. The isotope shifts observed in the line 
are considered to be due to shifts in the level of the 
ground state. There may be shifts in the level of the 
higher state; but, if so, these shifts are very small—of 
the order of the accuracies of present theories—and 
may be neglected. Not all the isotope shifts observed 
in mercry and in other atoms can be explained with 
present theories. A good test of any new theory would 
be a comparison with accurate experimental data on 
one set of isotope shifts for a single state of an atom, 
such as mercury, which has a large number of isotopes. 

The isotope shifts and hyperfine structure of the 
2537-A line are observable only with instruments hav- 
ing high resolving power. A Fabry-Perot interferom- 
eter is the best optical instrument for observing com- 
plex structure; however, it is difficult to construct a 
Fabry-Perot interferometer for use in the 2537-A 
region. Until very recently, the efficiency of such an 
interferometer was extremely limited by available ma- 
terials for the reflective coatings. In addition, the long 
path lengths required to obtain high resolving power 
cause the various components to overlap. The prob- 
lem of resolution can be solved with radiofrequency 
methods, and these have been applied to the accurate 
measurement of the hyperfine structure of the 2537-A 
line. However, these methods can be applied only 
indirectly to the measurement of isotope shifts, and 
in this application do not give as accurate results. 


Recently developed optical method 
used to obtain more accurate data on 
the hyperfine structure and isotope 
shifts of the mercury 2537-A line. 
The magnetic field applied to the 
source enables the operator to adjust 
the wavelength of one of the lines in 


ATOMIC h nine 
SCAM erOnOcEnt the source to that of any of the ni 


components in the absorption spectrum 
of the atomic beam. Because the sig- 
nal to the recorder is the difference be- 
tween the signals received by the two 
photocells, the recorder gives directly 
the absorption of the source in the 
beam. The monochromator isolates 
the 2537-A line; the Zeeman filter 
eliminates the 201b component, except 
when it is to be observed; and the He™ 
filter eliminates the 198 component 
when desired. The interferometer 
forms the fringe patterns, which are 
scanned by allowing air to leak slowly 
and uniformly into the chamber. The 
air causes a linear change in index of 
refraction that is equivalent to a linear 
change in plate separation. 
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In the study of the mercury 2537-A 
line a magnetic field was used to select 
the desired component for study. The 
field, applied to the Hg™ source, splits 
the source into three components; two 
of these can be shifted to the wave- 
length of any of the nine components 
in the absorption spectrum of the Hg 
atomic beam. In this example, the 
selected component is the He” line. 
The Hg™ line can be eliminated with 
a filter. The applied field is approxi- 
mately 2300 gauss. 


EMISSION 


The Bureau method is readily usable to measure both 
hyperfine structure—structure arising from a nuclear 
magnetic and mechanical moment—and isotope 
shifts—structure resulting from the differences in mass 
or volume of the nuclei of different isotopes—of the 
same atom. The selective method of excitation is of 
importance in analyzing elements (such as mercury) 
which have a large number of isotopes, for it permits 
the use of interferometers having the desired long path 
lengths and high resolving powers in which the whole- 
order difference between two of the line components 
may be large. Without this selective excitation, the 
various components of a complex line would overlap 
when such long spacers are used even if the components 
themselves were narrow, as is the case with atomic beam 
sources. The technique is of particular value in studies 
of elements having resonance lines that fall in the ultra- 
violet because it circumvents the difficulties usually 
encountered in obtaining high resolution in this region. 


Details of the Method 


The NBS apparatus consists of a Hg’ light source 
operated in a magnetic field, a Zeeman filter 2 devel- 
oped at the Bureau, a monochromator, a Hg’? filter, a 
scanning Fabry-Perot interferometer, and a wavelength- 
sensitive photoelectric detector. The light from the 
Hg*®> source passes into the monochromator (which 
isolates the 2537-A line), into the interferometer, and 
then to a beam splitter. Here the light is split into two 
parts; one part passes directly to a photomultiplier, 
while the other passes through an atomic beam of 
natural mercury before entering a second photomulti- 
plier. The outputs of the two photomultipliers are 
connected in opposition with the gains so adjusted that 
no signal is observed as the Fabry-Perot interferometer 
is scanned with the mercury beam off. Thus, when the 
mercury beam is on, the signal recorded is the differ- 
ence signal representing absorption of Hg**® in the 
atomic beam, and the background—often troublesome 
in absorption experiments—is eliminated. 

The fringe pattern formed by the interferometer is 
scanned by allowing air to leak slowly and uniformly 
into the interferometer chamber. The resulting linear 
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change in the index of refraction is equivalent to a 
linear change in the plate separation. 
The magnetic field applied to the Hg’ source splits 


the 2537-A line into three components: an undisplaced 
component polarized parallel to the field, and two com- 
ponents which lie symmetrically on either side of the 
parallel component and are polarized perpendicular to 
the field. Only those absorption lines in the beam at 
the same wavelengths as those of the three components 
in the source can be recorded. The perpendicular com- 
ponents in the source can be shifted to illuminate each 
of the components of the 2537-A line in the beam. The 
parallel component in the source illuminates the Hg? 
component in the beam. Therefore, by choosing the 
magnetic field of proper strength, the operator can 
select each of the nine possible absorption components, 
singly or in groups of two or three, and they alone will 
be recorded. Fortunately, the spacing of the absorp- 
tion components in the beam is such that when the mag- 
netic field is adjusted to cause one of the perpendicular 
components to coincide with one of the absorption lines, 
the other perpendicular component will be between 
lines, resulting in a minimum of interference. Because 
the Hg?°'? component interferes with the Hg'®* com- 
ponent, a Zeeman filter is used to eliminate the 201b 
component when it is not to be observed. The 198 
component can also be eliminated with a filter. 

This system makes it possible to record one set of 
fringes from one component for two or three orders 
and then to shift quickly (in a time short in compari- 
son with that required to scan an order) to another set 
of fringes from another component. The fractional- 
order shift between the two fringe systems can be easily 
determined by linear interpolation, as there is no over- 
lapping of the two sets. The spacing (relative wave- 
number) of each of the components in the beam can be 
determined in this manner. 


‘For further details, see The hyperfine structure and 
isotope shifts in the 2537-A line of mercury by a new 
interferometric method, by Walter G. Schweitzer, Jr., J. 
Opt. Soc. Am. 53, No. 9, 1055-1072 (1963). 

’Zeeman-split absorption lines as very narrow pass 
filters, by Karl G. Kessler and Walter G. Schweitzer, Jr., 
J. Opt. Soc. Am. 49, No. 2, 199 (1959). 
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Polymorphism in Bismuth Oxide 


POLYMORPHISM in bismuth oxide and the effect of 
33 selected oxide impurities on this polymorphism have 
recently been investigated at the Bureau by means of 
high-temperature x-ray diffraction and differential 
thermal analysis. In the studies on pure bismuth 
oxide,t E. M. Levin and R. S. Roth found two stable 
and two metastable forms. In the oxide addition 
portion of the studies,” they constructed partial phase 
diagrams that show the relationships between tempera- 
ture, composition, and phases present. The results of 
these investigations have clarified previously conflict- 
ing findings and have provided fundamental data on 
the crystal chemistry of bismuth oxide. 

Bismuth oxide (Bi,O;) is becoming increasingly 
important in the ceramics industry as a constituent in 
high refractive index glasses, in better bonding glazes, 
and in ceramic materials having special nuclear or elec- 
tronic applications. To understand its role in ceramic 
materials, a study of relatively pure Bi,O; is necessary. 
The Bureau therefore initiated a program to clarify 
results of previous Bi,;O; polymorphism studies and 
to determine the phase equilibrium relationships. 


Studies of Pure Bismuth Oxide 


In the investigations of pure bismuth oxide, both re- 
agent grade and spectrographically pure Bi,O; were 


employed. In general, the polymorphic relationships 
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in the compound were first deduced from differential 
thermal analyses of approximately 0.3-g samples. 
These relationships were then confirmed with data ob- 
tained by heating and observing the specimen in a 
high-temperature x-ray diffractometer furnace.* 

The results of investigations using these two methods 
showed that pure Bi,O; possesses two stable (mono- 
clinic and simple or face-centered cubic) and two 
metastable (tetragonal and body-centered cubic) poly- 
morphs. At 730+5 °C a reversible but not instanta- 
neous transition occurs between the stable high- 
temperature cubic form and the stable low-temperature 
monoclinic form. Cooling the cubic form below the 
730 °C transition temperature produces either (1) the 
metastable tetragonal form at 650 °C, or (2) the meta- 
stable body-centered cubic (bec) form at about 640 °C. 
The body-centered cubic form can be preserved to room 
temperature, but the tetragonal phase reverts to the 
stable monoclinic phase between 550 and 450 °C. 

Unit cell dimensions, coefficients of linear expansion, 
and unit cell volumes were calculated for each of the 
phases. The greatest volume change, a 6.9 percent 
increase, occurs as the material changes from the mono- 
clinic to the cubic phase. The cubic form shows the 
greatest coefficient of volume expansion (7.2 <10-° 
per °C). 

During these investigations an aging effect on Bi,O, 
was discovered. Material from a freshly opened bottle 
of Bi,O, gave an x-ray powder pattern for the pure 
monoclinic form. About 6 months later, however, ma- 
terial from the same bottle, which had not been desic- 
cated, showed diffraction peaks corresponding to bis- 
mutite (Bi,O;-CO,). This discovery led to a group 
of experiments aimed at accelerating the aging process, 
and then to some thermal decomposition experiments. 
In the latter studies, bismutite heated to a temperature 
of about 400 °C formed tetragonal Bi,O;. This form 
converted to the stable monoclinic form at higher tem- 
perature. Studies with bismuth subsalicylate and bis- 
muth subgallate gave similar results. 


Studies of Bismuth Oxide With 
Oxide Impurities 


Results from some of the studies with pure Bi,O,; 
conflicted with findings of previous investigators. The 


Relationship between temperature and volume per mole- 
cule of the polymorphs of reagent grade (@) and spec- 
trographically pure (A) Bi:O;. The stable monoclinic 
form (mon) converts to a stable (simple or face-cen- 
tered) cubic form (C) at about 730 °C. Upon cooling to 
approximately 640 °C, the cubic form can convert to the 
body-centered cubic (bec) form which can be preserved 
to room temperature. The cubic form at about 650 °C 
can also form the tetragonal phase (tet) which converts 
to the stable monoclinic phase between 450 and 550 °C. 
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EFFECT OF OXIDE ADDITIONS TO Bi,0; 
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Oxides of the elements shown in bold-faced print on this periodic chart 
were added as impurities to bismuth oxide in polymorphism studies of 
Bi.O;. Those elements in heavy cutlines represent oxides that form stable 


body-centered cubic phases with bismuth oxide. 


The type of melting is 


indicated by C—congruent, I—incongruent, and D—decomposes. Further 
designations used in the chart show some properties of the Bi.O;-oxide 
mixtures: M—metastable body-centered cubic phase, E—eutectic type 


system, SS; 
raised, SS: 


solid solution of oxide in Bi:O; with solidus and liquidus 
solid solution with solidus and liquidus lowered, Rh—rhombo- 


hedral solid solution phase, and ?—not known. 


data indicated that the Bi.O, used in the earlier studies 
may have been contaminated by unknown oxide im- 
purities. An investigation was therefore initiated to 
determine the effect of known oxide additions on the 
polymorphism of bismuth oxide. 

Binary combinations, to give an atomic ratio in most 
cases of 12 Bi to 1 Me (where Me represents the con- 
taminating cation), were prepared from pure Bi.O, 
and 33 other selected oxides. X-ray diffraction pat- 
terns of the oxide mixtures were obtained from room 
temperature to melting. From these patterns phase 
diagrams were constructed which showed, in many 
cases, a bec phase of variable composition distinct from 
that of pure Bi,0;. 

Unit cell calculations for the impure phases showed 
that the addition of foreign ions to Bi,O, tends to de- 
crease the dimensions of the bec phase. This decrease 
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is least for the larger impurity ions (such as Mn, Ni, 
Cd), which tend to form a metastable bee phase, and 
greatest for the small impurity ions (such as B, Si, Ge), 
which tend to form a stable bec phase. These findings 
are compatible with theories postulating a cage-type 
structure in which a central cation, including Bi, is sur- 
rounded by a sphere of atoms of the approximate com- 
position Bi,2Oz0. 


‘ Polymorphism of bismuth sesquioxide, I. Pure Bi.O;, 
by E. M. Levin and R.S. Roth, J. Res. NBS 68A (Phys. 
and Chem.), No. 2 (Mar—Apr. 1964). 

2 Polymorphism of bismuth sesquioxide, II. Effect of 
oxide additions on the polymorphism of BizOs, by E. M. 
Levin and R. S. Roth, J. Res. NBS 68A (Phys. and 
Chem.) , No. 2 (Mar.—Apr. 1964). 

‘Improved sample holder for X-ray diffractometer fur- 
nace, by E. M. Levin and F. A. Mauer, J. Am. Ceram. 
Soc. 46, No. 1, 59-60 (Jan. 1963). 
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IN A RECENT NBS study of the properties of co- 
ordination polymers, polymers of this type formed by 
reactions of certain organic molecules with first-row 
transition metals were investigated. Among the many 
potential applications for such polymers is the fabrica- 
tion of missile and rocket components. Results of the 
study, conducted by Emanuel Horowitz in collabora- 
tion with Prof. Theodore P. Perros of the George 
Washington University (Washington, D.C.), show that 
the decomposition temperatures of the polymers, and 
hence their thermal stabilities, are directly related to 
the atomic numbers of the coordinated metals. This 
finding has led to a better understanding of the mecha- 
nism governing polymer decomposition, and may be of 
particular use in predicting the thermal behavior of 
coordinated systems when only a minimum of experi- 
mental data is available. 


Evaluation of Existing Data 


In the assembly and evaluation of some data reported 
in the literature? * on the thermal stability of metal 
complexes of 8-hydroxyquinoline, the scientists found 
that measurements made in air often gave contradictory 
results. For example, when these data were plotted at 
the Bureau, the graphs indicated that complexes of 
manganese and nickel were less stable than those of 
cobalt and copper when the complexes were heated at a 
rate of 5 °C per minute in air, but that exactly opposite 
results were obtained when they were heated at the 
slower rate of 3 °C per minute in air. Moreover, all 
four complexes apparently had a higher thermal stabil- 


The Bureau recently evaluated existing data on the ther- 
mal stability of coordination complexes heated in air at 
3 and 5 °C per minute. This graph shows disparate 
findings at the two different temperatures for complexes 
containing divalent transition metals. The graph also 
shows no apparent relationship among the trivalent oxi- 
nates of aluminum (Al), chromium (Cr), gallium (Ga), 
and indium (In), heated in air. 
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ity at the slower rate than at the faster rate (see dia- 
gram, at left). Literature data for trivalent ox- 
inates of aluminum, chromium, gallium, and indium 
heated in air disclosed no apparent connection between 
the atomic number of the coordinated metals and the 
temperature at which accelerated weight loss—an indi- 
cation of thermal stability—occurred. 

On the other hand, an evaluation of data‘* on the 
metal complexes, heated at a rate of about 2.5 °C per 
minute in vacuo, disclosed excellent agreement between 
their thermal stability and the periodic properties of 
the central metal. A graph of the atomic number of 
the metals versus temperature showed that manganese 
complexes started to lose weight at the highest and 
those of copper at the lowest temperature (see dia- 


Emanuel Horowitz adjusts a control for the: 
balance (right) during a calibration run de| 
used at the Bureau to record weight loss in | 
calibration, the weight of a sample in the | 
the temperature are recorded automatically | 


of a thermogravimetric analysis. 


TAT 


Cos] 
seam | 


NBS Technical News Bulletin 


c 


1rdination Polymers 


gram, p. 80, left). Cobalt and nickel complexes 
started to lose weight at temperatures between those of 
the other two metals. A straight line through these 
temperatures indicated the close thermal stability- 
periodicity relationship. In addition, when trivalent 
oxinates were heated in vacuo, it was found that the 
accelerated weight-loss temperature was essentially the 
same for all the samples (265 °C), indicating that the 
thermal stability was independent of the position of 
the metal in the periodic table. 


Experimental Procedure 


In the Bureau experiments, divalent manganese, 
cobalt, nickel, copper, and zinc were combined with the 
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ligand,* bis (8-hydroxy-5-quinolyl) methane, both in 
solution and by thermal polymerization. The coordi- 
nation polymers thus obtained were highly insoluble 
colored powders. After they had been purified by 
repeated extractions, their thermal stability was investi- 
gated with a modified electronic thermobalance. 
Specimens in the 50-mg range were carefully weighed 
in a platinum crucible which was suspended from the 
balance beam and positioned in the center of a furnace. 
The system was sealed and evacuated to about 10-3 
mm Hg, and then heated from room temperature to 
1000 °C at a uniform rate of 2.5 °C per minute. Dur- 
ing the entire run, the temperature in the immediate 
vicinity of the sample and the weight loss were auto- 
matically recorded. 


Results 


Thermograms expressing weight loss as a function of 
temperature were made for each polymer and for zinc 
8-hydroxyquinolate (zinc oxinate). The thermograms 
(see diagram, below) showed that a considerable 
increase in thermal stability was conferred to the co- 
ordinated systems by the polymerization process. A 
comparison of the stability of the zinc coordination 
polymer with that of the zinc oxinate showed that the 
former began to lose weight at an accelerated rate at a 
temperature approximately 250 °C above that of the 
latter. The comparison also showed that at 375 °C the 
polymer had lost less than 5 percent of its original 
weight while the oxinate had lost approximately 90 
percent. 

Quantitative and qualitative analyses of the residue 
in the platinum crucible after the run indicated that the 
zinc polymer initially decomposed at the metal-ligand 
position to give volatile organic fragments and finally 
metallic zinc or zinc oxide which volatilized at 1000 °C. 


NBS thermograms show weight loss as a function of temperature for five 
coordination polymers, and for zine 8-hydroxyquinolate (zinc oxinate). 
Note that the zinc polymer, much more stable than the zinc oxinate, be- 
gins to lose weight at an accelerated rate at a temperature approximately 
250 °C above that of the zinc oxinate. In addition, even at 375 °C, the 
polymer has lost Jess than 5 percent of its original weight, while zine oxi- 
nate has lost about 90 percent of its original weight. 
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Graph, drawn from evaluated literature data, shows that 
when coordination complexes are heated in vacuo the 
atomic number of the coordinated metals can be readily 
correlated with the thermal stability of the complexes. 


When the nickel coordination polymer was heated 
under similar conditions, the residue remaining after 
the run was within 0.1 percent of the calculated nickel 
content of the original polymer. Unlike zinc, nickel 
does not volatilize at 1000 °C. 

Evaluation of the decomposition temperatures for all 
of the coordination polymers showed that their thermal 
stabilities had the following sequence: manganese > 
cobalt>nickel >copper<zinc. This sequence is just 
opposite to that found for the hydrolytic stability of 8- 
hydroxyquinolates of the first four metals.® 

The average values for the decomposition tempera- 
tures of the coordination polymers were plotted as a 
function of the atomic number of the central metal 
atom (see diagram, at right). The resulting plot 
(curve A) shows that a linear relationship exists be- 
tween the decomposition temperature of the polymer 
and the atomic number of the metal in the series: man- 
ganese, cobalt, nickel, and copper. The departure of 
the zinc polymer from the linear relationship may be 
explained on the basis of the periodic properties of this 
metal. A similar plot (curve B) representing data 
taken from the literature on 8-hydroxyquinolates had 
an almost identical shape, but at considerably lower 
temperatures. Data taken from the literature ® for a 
different coordinated system are also plotted in curve 
C for comparative purposes. 

Coordination polymers containing other bis-deriva- 


80 


TEMPERATURE AT START OF ACCELERATED WEIGHT 
LOSS. 


Bis (8- HYDROXY -5— QUINOLYL) METHANE 
CO-ORDINATION POLYMERS 


8- HYDROXY QUINOLATES 


. POLYVINYLPHTHALIC ACID METAL POLYMERS 


600 


500 


300 


TEMPERATURE, °C 


Dd 
oS 
—) 


100 


Mn Fe co Ni Cu Zn 


25 26 aT 28 29 30 
ATOMIC NUMBER 


In a Bureau study of coordination polymers formed by 
reaction of bis(8-hydroxy-5-quinolyl)methane — with 
some first-row transition metals, it was found that the 
thermal stability of the polymers could be directly related 
to the atomic number of the coordinated metal (curve 
A). This graph also shows the relationship between the 
thermal stability and the atomic number of the coordi- 
nated metal for the complexes of 8-hydroxyquinolates 
(curve B) which may be considered as monomer units 
that are linked together in the polymers through methyl- 
ene bridges. The data taken from the literature for 
polyvinylphthalic acid metal polymers, a significantly 
different coordinated system, are plotted in curve C for 
comparative purposes. 


tives of the 8-hydroxyquinoline ligand are presently 
being investigated to assess the role played by the 
ligand as well as by the various metals in promoting 
high thermal stability. These studies should provide 
an understanding of the factors governing the physical 
and chemical properties of coordination polymers, and 
they may lead to polymeric materials having even bet- 
ter resistance to high temperature than do those investi- 
gated in the present work. 


*4 ligand may be considered as an ion or molecule that is 
bonded to a metal ion in the formation of coordinated com- 
plexes. 

‘For further technical details, see Thermal stability 
of bis(8-hydroxy-5-quinolyl) methane coordination poly- 
mers, by Emanuel Horowitz and Theodore P. Perros, J. 
Inorg. Nuclear Chem. 26, 139-159 (1964). 

* Inorganic thermogravimetric analysis, by E. Duval, 
Elsevier Publ. Co., New York (1953). 

* Analyse thermogravimétrique des principaux oxinates 
métalliques, by M. Borrel and R. Paris, Anal. Chem. 
Acta 4, 267 (1950). 
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*Heat stabilities and volatilities of metal chelates de- 
rived from 8-hydroxyquinoline, by R. G. Charles and A. 
Langer, J. Phys. Chem. 63, 603 (1959). 

°The relative stability of internal metal complexes, 
by L. E. Maley and D. P. Mellor, Australian J. Sci. 


Res. 2A, 92 (1949). 

°Thermally stable salts of polyvinylphthalic acid, by 
E. C. Winslow and A. Laferriere, J. Polymer Sci. 60, 
65 (1962). 


Computer Sharing Exchange and Service Center 
Established 


A Computer Sharing Exchange and a Computer 
Service Center have recently been established at the 
Bureau on an experimental basis. The new facilities 
were created in response to a request of the Bureau of 
the Budget, which has found that great savings in both 
time and money can be realized through computer 
sharing. 

The Sharing Exchange will coordinate requests of 
Federal Government agencies in the Washington, D.C., 
metropolitan area for help in locating appropriate com- 
puter time and services for their essential work. The 
Exchange will maintain records of the availability for 
sharing purposes of the electronic computer facilities 
of these agencies. 

A similar experimental sharing exchange has been 
operating in Philadelphia, Pa., under Bureau of the 
Budget sponsorship. Up to now, the presence of the 
Philadelphia exchange has substantially increased the 
incidence and value of sharing among government 
agencies there. 

Because the Washington, D.C., area has by far the 
largest concentration and diversification of computers 


in the United States, the Bureau has made available 
its Computation Laboratory as a Service Center in con- 
junction with the Sharing Exchange. This Center will 
provide its electronic equipment and personal services 
at cost to participating agencies to the extent per- 
mitted by present equipment and staff provided ap- 
propriate arrangements can be made. In addition, it 
will provide computer programming, problem analysis 
and formulation, and consultations in these areas. Re- 
quests will be considered for business, scientific, engi- 
neering, and other types of computer services. Services 
of the Center will be available either directly or 
through the Sharing Exchange. Unused time on the 
computer facilities of the Center will be available to 
the Exchange for sharing. 

The Sharing Exchange and the Service Center will 
continue in operation for a trial period of 18 to 24 
months. Although these facilities are intended to serve 
Federal Government agencies located in the Washing- 
ton metropolitan area, their services will not neces- 
sarily be barred by distance. 


1964 Conference on Radio Meteorology 
To Be Held at NBS Boulder Laboratories 


A CONFERENCE covering radio meteorology and 
weather radar, both in general and detailed aspects, 
will be held September 14—18, 1964, at the NBS Boulder 
Laboratories. The conference is sponsored by the 
Inter-Union Committee on Radio-Meteorology (of the 
International Scientific Radio Union and the Inter- 
national Union of Geodesy and Geophysics) , the Amer- 
ican Meteorological Society, and the Bureau’s Central 
Radio Propagation Laboratory (CRPL). Organized 
to strengthen the community of interest among the 
many specialized fields of radio meteorology, the con- 
ference will also serve as the 11th Weather Radar 
Conference. 

The conference will cover the many interactions of 
radio energy with tropospheric weather conditions. 
The aspects of tropospheric microwave propagation to 
be discussed include scatter propagation, ducting, gen- 
eral bending, and attenuation in passing through pre- 
cipitation, clouds, water vapor, and other gases. The 
use of radar to observe precipitation, clouds, lightning, 
and dielectric inhomogeneities of air also will be dis- 
cussed. Other topics to be considered include micro- 
wave radiometry, the changes in the electric field of 
thunderstorms, and the interactions of radiation from 
lightning in the troposphere. 
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The fundamental meteorological processes in which 
the observed radio phenomena originate will be in- 
cluded among acceptable subjects for papers. Of par- 
ticular interest, in the light of laser developments, will 
be papers devoted to interactions involving light waves, 
particularly coherent and pulsed coherent light. Pa- 
pers on other topics will be considered if of interest to 
the specialists attending. 

The Radio Meteorology Conference will be organized 
somewhat differently from the usual conference; the 
papers accepted will be printed and distributed a month 
before the conference but will not be presented orally 
at the conference. Instead, the papers can be exam- 
ined before the conference by those who plan to attend; 
they and the author can then discuss the paper on the 
floor of the conference. The conference committee 
seeks by this method to encourage the free presentation 
of ideas and a more effective communication between 
scientists, leading to constructive discussions of radio- 
meteorological problems. 

A few invited speakers will present review papers 
and introduce the discussion of new developments re- 
ported in the contributed papers. In this way the intro- 
duction of new ideas will be as speedy as possible and 
the relevance, quality, and thoroughness of the discus- 
sion enhanced. 
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Improved Dental Cements 


ZINC oxide-eugenol cements have many applications 
in dentistry. The puttylike coherent mass formed by 
zinc oxide powder and eugenol liquid is more compat- 
ible with both the hard and soft tissues of the mouth 
than are most dental materials. Hence, it is widely 
employed by dentists as a base in filling deep tooth 
cavities and for temporary fillings to ease pain. How- 
ever, because of its lack of strength, the material some- 
times does not resist the biting force transmitted to it 
through permanent dental restorations. 

The Bureau, in a continuing program sponsored by 
the Federal dental services and the American Dental 
Association, has therefore been searching for improved 
dental materials. In the course of this work, Simon 
Civjan* and Gerhard M. Brauer found that the addi- 
tion of o-ethoxybenzoic acid (EBA) to a zinc oxide- 
eugenol mixture improved the physical properties of 
the mixture. Moreover, its use as a sedative in dental 


NBS apparatus for evaluating the shear strength of dental 
cement specimens. Pins, No. 1, are used to center the 
8-mm-long specimen, No. 3, in the U-shaped piece (top). 
To carry out a test, the movable shearing piece, 4 mm 
wide (No. 4, shown with a fractured specimen) is alined 
in the slot of the U-shaped device by means of the No. 2 
pins, and the specimen is placed in position. The aline- 
ment pins are then removed. Double shear is effected 
by a compressive force applied to the top of the shearing 
piece with a conventional testing machine that records 
the load required for specimen fracture. At lower left 


is shown the mold in which the specimens are prepared. 


82 


restorations gave good results.1_ As a consequence of 
this pilot study, clinical work is being initiated else- 
where to investigate the usefulness of EBA in crown 
and bridge cements and for orthodontic purposes. 

Previous experiments had shown that partial substi- 
tution of EBA for eugenol in a zinc oxide-eugenol mix- 
ture produced a quick-setting cement with potential 
dental applications.2. So in the present ,study the 
physical properties of two different types of EBA 
cements were investigated; these properties were com- 
pared with those of zinc oxide-eugenol controls; and 
the effectiveness of these various formulations in actual 
tooth restorations was evaluated. 

The zinc oxide powders and the eugenol liquids of 
the controls used in the experiments contained no addi- 
tives. The powder of one experimental EBA formula- 
tion consisted of 90 percent zinc oxide and 10 percent 
hydrogenated rosin, and that of the other consisted of 
74 percent zinc oxide, 6 percent hydrogenated rosin, 
and 20 percent fused quartz. The same liquid, 62.5 
percent EBA and 37.5 percent eugenol, was mixed with 
both of these powders to make the cements. 

Each of the physical properties studied (dimensional 
stability; density; compressive, tensile, and shear 
strengths; and solubility and disintegration) was deter- 
mined by several different methods. The data thus 
obtained showed good agreement. It was apparent 
from these data that the EBA cements were superior to 
the zinc oxide-eugenol controls, and that the cement 
containing fused quartz had greatly improved 
properties. 

For the evaluation of the various formulations in 
actual tooth restorations, patients were selected at ran- 
dom and on a voluntary basis as they arrived at an 
Army dental clinic. In those cases where the controls 
and the EBA cements were used primarily as temporary 
fillings, mixed results were obtained. In some types of 
restorations the controls failed first, and in others the 
EBA cements failed first. But when the fused-quartz 
EBA cement was used as pulp-capping media and as 
sedative bases for permanent tooth restorations, pain 
was quickly relieved, and the treated teeth remained 
healthy and nonsymptomatic over observation periods 
of from 2 to 10 months. 

While these results are not conclusive, the laboratory 
experiments demonstrated that EBA cements have more 
rapid setting times and better physical properties than 
has zinc oxide-eugenol cement. In addition, the work 
showed that fused quartz improves the strength and 
dimensional stability of EBA cements. The clinical 
findings, especially with regard to the performance of 


*Present address: U.S. Army Institute of Dental Research, 
Walter Reed Army Medical Center, Washington, D.C. 
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Superior compressive strengths of EBA dental cements 
developed at the Bureau. Curve No. 1 is for an EBA 
cement containing fused quartz; No. 2, for an EBA ce- 
ment without fused quartz; No. 3, for a conventional zine 
oxide-eugenol cement with no additives. 


EBA cement when it is used as a sedative, indicate that 
this cement will have considerable value in dental 
applications. 


* For further technical details, see Clinical behavior of 
o-ethoxybenzoic acid-eugenol-zinc oxide cements, by 
Simon Civjan and Gerhard M. Brauer, J. Dental Res. 
(in press), and Physical properties of cements based on 
zinc oxide, hydrogenated rosin, o-ethoxybenzoic acid and 
eugenol, by Simon Civjan and Gerhard M. Brauer, J. 
Dental Res. 43, No. 2 (Mar.—Apr. 1964). 

* The reaction of metal oxides with o-ethoxybenzoic acid 
and other chelating agents, by G. M. Brauer, E. E. White, 
Jr., and M. G. Moshonas, J. Dental Res. 37, 547 (1958) ; 
Improved zine oxide-eugenol type cements, by G. M. 
Brauer, L. Simon, and L. Sangermano, J. Dental Res. 41, 
1096 (1962); and Cements from metal oxides and chelat- 
ing agents, U.S. Patent No. 2,936,242 (May 1962). 
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Oxidation Products of 
Degraded Plastics Identified 


DEGRADATION compounds that form in plastic 
building materials during exposure to carbon-are or 
solar radiation have been identified by the Bureau.’ 
To identify these components, V. E. Gray and J. R. 
Wright compared the transmission spectra recorded 
from solutions of the exposed plastics reacted with 
phenylenediamine, with spectra from model carbonyl 
compounds treated in the same way. Determining 
these degradation products will help chemists to develop 
oxidation retardants and to formulate them into the 
plastics, thereby extending the life of these products. 

Polymeric materials are relatively new to the build- 
ing industry but they offer certain advantages over 
other materials. They usually require less structural 
support than conventional building materials, need no 
painting, and offer a variety of other structural and 
decorative properties. In previous studies to evaluate 
these materials, the Bureau developed a colorimetric 
process” to determine the degree of degradation in 
plastic building materials exposed to natural or arti- 
ficial weathering conditions. 

The present investigation is aimed at identifying the 
oxidation products formed during the degradation 
process. Two plastic materials widely used in the 
building industry were selected for the study—poly 
(methyl methacrylate) (PMM), and cellulose acetate- 
butyrate (CAB). 


V. E. Gray places solutions containing samples of plastic 
building materials reacted with phenylenediamine into a 
transmission spectrometer. The resulting absorbance 
peaks are recorded on a strip chart (right) and are com- 
pared with the spectra of known carbonyl compounds 
treated in a similar manner. 
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To obtain the spectra of the photodegraded plastic, 
l-g specimens of exposed PMM or CAB were dis- 
solved in glacial acetic acid. This solution, when 
added to a solution of a phenylenediamine, produced 
a pronounced color indicating the presence of oxida- 
tion products. A solution of unexposed plastic, of the 


same concentration in glacial acetic acid, was prepared 
and used in the reference beam. The absorbance 
values at the maxima obtained from solutions of ex- 
posed plastic mixed with diamine were corrected by 
subtracting any absorbance values of the solution of un- 
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exposed plastic and diamine. These spectra were then 
compared with those obtained from compounds that 
were possible oxidation products. Approximately half 
of 40 possibilities were eliminated because they pro- 
duced no color upon reacting with a phenylenediamine, 
or because they produced absorbance peaks in a spec- 


Charts obtained in plastic degradation studies show ab- 
sorbance peaks in the spectra of photodegraded plastic 
specimens (solid lines) and the corresponding peaks ex- 
hibited by certain carbonyl compounds (dotted lines) 
after reaction with phenylenediamine. Some show such 
peaks in the ultraviolet range (300 to 400 my) and others 
exhibit peaks in the visible range (400 to 700 my). The 
transmittance spectra shown in the chart at the upper 
left are of cellulose acetate-butyrate (CAB) and 
a-ketocaprylic acid; upper right, poly (methyl methacry- 
late) (PMM) and a-kektocaprylic acid; lower left, CAB 
and glyoxal; lower right, CAB and pyruvic aldehyde. 


tral range considerably different than that of the exposed 
specimens. The spectra of those compounds that be- 
came colored in diamine and did produce absorbance 
peaks in the 300 to 700 mp range were compared with 
the spectra of the exposed materials. Although it is not 
possible to rule out the presence of some other com- 
pounds, a mixture of a-keto acids, glyoxal, and pyruvic 
aldehyde closely duplicates the spectra produced by 
solutions of exposed plastic. In general it appears that 
compounds containing an activated carbonyl group are 
formed during photo-oxidation of PMM and CAB, 
and that these compounds are primarily responsible for 
the color reactions with the diamines. 


1The use of visible and ultraviolet spectroscopy to 
identify carbonyl compounds in photodegraded plastics, 
by V. E. Gray and J. R. Wright, Division of Organic 
Coatings and Plastics Chemistry (ACS) preprint (Apr. 
1964). 

* A colorimetric method for measuring polyester de- 
eradation due to weathering, by V. E. Gray and J. R. 
Wright, J. Appl. Polymer Sci. 7, No. 6, 2161 (Nov.— 
Dec. 1963). Also, Division of Organic Coatings and 
Plastics Chemistry (ACS) preprint (Apr. 1963). 

For a brief treatment of this work, see Colorimetric 
determination of plastic degradation, NBS Tech. News 
Bull. 47, 64-65 (Apr. 1963). 


Book on pH Authored by NBS Chemist 


A NEW BOOK, Determination of pH, Theory and 
Practice, has recently been written by Dr. R. G. Bates, 
Chief of the Electrochemical Analysis Section and 
Assistant Chief of the Analytical Chemistry Division. 
This book deals with the quantitative aspects of acidity 
in aqueous and nonaqueous solutions. It presents an 
authoritative treatment of the theory and nature of 
acidity, and emphasizes the scales and methods for 
measuring this property. The book also discusses in 
detail some possible approaches for establishing pH 
scales in mixed solvents and in nonaqueous media. 

The present work (John Wiley & Sons, New York, 
$13) is an outgrowth of Electrometric pH Determina- 
tions, a book written by Dr. Bates a decade ago. Like 
the previous volume, the new book is chiefly concerned 
with theory and practice of electrometric pH measure- 
ments. Its scope is broader than that of the former 
treatise and includes a discussion of colorimetric pH 
determination with indicators. Significant develop- 
ments of the past decade have also been included. 

The first four chapters examine the definitions of pH 
scales, the conventions that permit acceptable compro- 
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mises between theory and experiment, and pH stand- 
ards. A thorough exposition of the nature of the NBS 
standard scale is presented. The fifth and sixth chap- 
ters discuss buffer solutions and pH determinations by 
indicator methods from both the theoretical and the 
practical points of view. 

Chapters 7 and 8 are devoted to acid-base phenomena 
and measurement scales in nonaqueous as well as in 
partly aqueous media. Chapter 9 describes the prop- 
erties of hydrogen ion electrodes, liquid junctions, and 
reference electrodes, while chapter 10 reviews the prop- 
erties and behavior of glass electrodes. 

The final two chapters summarize the principles in- 
volved in measuring the electromotive force of pH cells, 
in constructing and operating pH meters, and in con- 
trolling pH. Because pH instrumentation has ad- 
vanced so rapidly in the past decade, however, a broad 
coverage of the subject is beyond the scope of this book. 
These chapters, based on principles of measurement 
and instrumentation, are therefore written primarily 
for chemists rather than for engineers. 


NBS Technical News Bulletin 


Publications of the: National Bureau of Standards 


Periodicals 


Technical News Bulletin, Volume 48, No. 4, April 1964. 15 
cents. Annual subscription: $1.50, 75 cents additional for 
foreign mailing. Available on a 1-, 2-, or 3-year subscription 
basis. 

CRPL TIonospheric Predictions for July 1964. Three months in 
advance. Number 16, issued April 1964. 15 cents. Annual 
subscription: $1.50, 50 cents additional for foreign mailing. 
Available on a 1-, 2-, or 3-year subscription basis. 

Journal of Research of the National Bureau of Standards 
Section A. Physics and Chemistry. Issued six times a year. 

Annual subscription: Domestic, $4; foreign, $4.75. Single 
copy, 70¢. 

Section B. Mathematics and Mathematical Physics. Issued 
quarterly. Annual subscription: Domestic, $2.25; foreign, 
$2.75. Single copy, 75¢. 

Section C. Engineering and Instrumentation. Issued quar- 
terly. Annual subscription: Domestic, $2.25; foreign, 
$2.75. Single copy, 75¢. 

Section D. Radio Science. Issued monthly. Annual sub- 
scription: Domestic, $9; foreign, $11.50. Single copy, $1. 


Current Issues of the Journal of Research 


Radio Sci. J. Res. NBS/USNC-URSI, Vol. 68, No. 5, May 1964. 
URSI National Committee Report, XIV General Assembly, 
Tokyo, September 1963: 

Commission 1. Radio measurement methods and standards. 
Commission 2. Tropospheric radio propagation. 
Commission 3. Ionospheric radio. 

Commission 4. Magnetospheric radio. 

Commission 5. Radio and radar astronomy. 

Commission 7. Radio electronics. 


Nonperiodicals 


Safe handling of radioactive material, NBS Handb. 92 (March 
9, 1964), 40 cents (Supersedes Handb. 42). 

1963 Research highlights of the National Bureau of Standards, 
NBS Misc. Publ. 255 (December 1963), $1. 

An atlas of solar flare effects observed on long VLF paths dur- 
ing 1961, C. J. Chilton, F. K. Steele, and D. D. Crombie, NBS 
Tech. Note 210 (March 13, 1964), 30 cents. 

Hot-rolled rail steel bars (produced from tee-section rails), 
CS150-63 (Dec. 15, 1963), 10 cents (Supersedes CS150-48). 


Publications in Other Journals 


This column lists all publications by the NBS staff, as 
soon after issuance as practical. For completeness, 
earlier references not previously reported may be in- 
cluded from time to time. 


Effect of rate loading, time of trituration and test temperature 
on compressive strength value of dental amalgam, H. J. Caul, 
R. Longton, W. T. Sweeney, and G. C. Paffenbarger, J. Am. 
Dental Assoc. 67, 670-678 (Nov. 1963). 

Numerical solutions of the convolution-hypernetted chain in- 
tegral equation for the pair correlation function of a fluid. 
I. The Lennard-Jones (12,6) potential, M. Klein and M. S. 
Green, J. Chem. Phys. 39, No. 6, 1367-1387 (Sept. 15, 1963). 

The method for mechanical translation used by the National 
Bureau of Standards group and the structure of its machine 
glossary, I. Rhodes, Am. Documentation Inst. 26th Annual 
Meeting, pp. 23-24 (Chicago, IIl., Oct. 1963). 

vs vibration of methane in condensed oxygen, nitrogen, and 
argon, S. Abramowitz and H. P. Broida, J. Chem. Phys. 39. 
No. 9, 2383-2384 (Nov. 1, 1963). 

On the redefinition of the second and the velocity of light. 
G. E. Hudson and W. Atkinson, IEEE Trans. Instr. Measure- 
ment IM—12, No. 1, 44-46 (June 1963). 

The three-body scattering operator in nonequilibrium statistical 
mechanics, J. Weinstock, Phys. Rev. 132, No. 1, 470-482 
(Octwle 11963) 

Macro-pores in leather as determined with a mercury porosim- 
eter, J. R. Kanagy, J. Am. Leather Chemists Assoc. LVIII, 
No. 9, 524-550 (Sept. 1963). 
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Cluster formulation of the exact equation for the evolution of 
a classical many-body system, J. Weinstock, Phys. Rev. 132, 
No. 1, 454469 (Oct. 1, 1963). 

An analysis of pressure and stress distribution under rigid 
Bridgman-type anvils, J. W. Jackson and M. Waxman, Book, 
High-Pressure Measurement, pp. 39-58, ed. Giardini and 
Lloyd (Butterworth, London, England, 1963). 

High Pressure Microscopy, A. Van Valkenburg, Book, High- 
Pressure Measurement, ed. A. A. Giardini and E. C. Lloyd, 
87-94 (Butterworth, Inc., Washington, D.C., 1963). 

Interaction energies and transport coefficients of Li+H and 
O--H gas mixtures at high temperatures, P. H. Krupenie, 
E. A. Mason, and J. T. Vanderslice, J. Chem. Phys. 39, No. 
10, 2399-2408 (Nov. 15, 1963). 

Inertial effects in the phenomenological theory of thermal dif- 
fusion in liquids, R. E. Nettleton, Il Nuovo Cimento 28, 
Serie X, 952-969 (Dec. 7, 1962). 

Mass spectra and metastable transitions of H.S HDS, and 
D.S, V. H. Dibeler and H. M. Rosenstock, J. Chem. Phys. 
39, No. 11, 3106-3111 (Dec. 1, 1963). 

Computed transmission spectra for 2.7-micron H2O band, D. M. 
Gates, R. F. Calfee, and D. W. Hansen, Appl. Opt. 2, No. 
= 22 Nove! 963): 

Spectrum of Nd** in LaCls, J. C. Eisenstein, J. Chem. Phys. 39, 
No. 9, 2134-2140 (Nov. 1, 1963). 

A mechanism for the production of certain types of very-low- 
frequency emissions, S. F. Hansen, J. Geophys. Res. 68, No. 
21, 5925-5935 (Nov. 1, 1963). 

Two assumptions in the theory of attractive forces between 
long saturated chains, R. Zwanzig, J. Chem. Phys. 39, No. 9, 
2251-2258 (Nov. 1, 1963). 

Recent advances in cryogenic engineering, Cryogenic Engineer- 
ing Laboratory, NBS, Boulder, Chemistry 38, 8-15 (Oct. 
1963). 

Correlation of factors influencing the pressures generated in 
multi-anvil devices, J. C. Houck and U. O. Hutton, Book, 
High-Pressure Measurement, ed. A. A. Giardini and E. C. 
Lloyd, 221-245 (Butterworth, Inc., Washington, D.C., 1963). 

Binary mixtures of dilute Bose gases with repulsive interactions 
at low temperatures, D. M. Larsen, Ann. Phys. 24, 89-101 
(Oct. 1963). 

Method for comparing two nearly equal potentials directly in 
parts per million, C. J. Saunders, Rev. Sci. Instr. 34, No. 12, 
1452-1453 (Dec. 1963). 

Highly ionized atoms: The configurations s’p"(n=1, 2, 4, 5), 
F. Rohrlich and C, Pecker, Astrophys. J. 138, No. 4, 1246- 
1261 (Nov. 15, 1963) . 

A plasma instability resulting in field-aligned irregularities in 
the ionosphere, D. T. Farley, Jr., J. Geophys. Res. 68, 6083- 
6097 (Nov. 15, 1963). 

Faraday effect in semiconductors, I. M. Boswarva, R. E. How- 
ard and A. B. Lidiard, Proc. Royal Soc. A. 269, 125-141 
(1962). 

Plasma resonances in the upper ionosphere, W. Calvert and 
G. B. Goe, J. Geophys. Res. 68, No. 22, 6113-6120 (Nov. 15, 
1963). , 

Annual “Observatory Report” on research at NBS, C. E. Moore 
and . M. Branscomb, Astron. J. 68, No. 9, 658-659 (Nov. 
1963). 

An operational information retrieval system in the field of 
cryogenics, N. A. Olien, Proc. Am. Documentation Inst. pp. 
157-158 (Chicago, Ill., Oct. 1963). 

Coefficient of thermal expansion and Young’s modulus for a 
one-dimensional model of a solid, J. Mazur and R. J. Rubin, 
Am. J. Phys. 34, No. 11, 835-836 (Nov. 1963). 

Statistics of irreversible termination in homogeneous anionic 
polymerization, B. D. Coleman, F. Gornick, and G. Weiss, 
J. Chem. Phys. 39, No. 12, 3233-3239 (Dec. 15, 1963). 

The structure of gaseous copper (1) nitrate as determined by 
electron diffraction, R. E. LaVilla and S. H. Brauer, J. Am. 
Chem. Soc. 85, 3597-3600 (Noy. 1963). 

Spectrum of Er** in LaCl., J. C. Eisenstein, J. Chem. Phys. 39, 
No. 9, 2128-2133 (Nov. 1, 1963). 
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Large-angle inelastic scattering of 500-keV electrons, J. W. 
Motz and R. C. Placious, Phys. Rev. 132, No. 3, 1120-1122 
(Nov. 1, 1963). 

Zeros of polynomials and fractional order differences of their 
coefficients, G. T. Cargo and O. Shisha, J. Math. Anal. Appl. 
7, No. 2, 176-182 (Oct. 1963). 

The nightglow, F. E. Roach, Book; Advances in Electronics 
and Electron Physics 18, 1-44 (Academic Press Inc., New 
iorkep Neel 963) 2 

Electron monochromator utilizing the scattering resonance in 
helium, J. A. Simpson, C. E. Kuyatt, and S. R. Mielczarek, 
Rev. Sci. Instr. 34, 1454-1455 (Dec. 1963). 
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and R. L. Fey, Proc. IEEE 51, 1665 (Nov. 1963). 
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and H. T. Yolken, Corrosion 20, No. 1, 29t-33t (Jan. 1964). 
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n-butane, H. Okabe and D. A. Becker, J. Chem. Phys. 39, 
No. 10, 2549-2555 (Nov. 15, 1963.) 

NBS activities for the American Rubber Industry, G. M. Kline, 
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Branscemb, Astron. J. 68, No. 9, 660-662 (Nov. 1963). 
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R. J. Corruccini, Session II, Paper 4, p. 33. 
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with a viewing port, B. A. Peavy and A. G. Eubanks, Session 
V, Paper 56, p. 553. 
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Kostkowski and G. W. Burns, Session I, Paper 3, p. 13. 
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emittance measurements, D. G. Moore, Session V, Paper 52, 
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An approach to thermal emittance standards, J. C. Richmond, 
py Harrison, and F. J. Shorten, Session IV, Paper 41, 
p. 403. 

Choking two-phase flow of hydrogen: Some idealized solutions, 
R. V. Smith, Proc. Nuclear Propulsion Conf., Aug. 15-17, 
1962, Monterey, Calif., pp. 114-125 (1963). 


Synthesis and stability of bismutotantalite, stibiotantalite and 
chemically similar ABO, compounds, R. S. Roth and J. L. 
Waring, Am. Mineralogist 48, 1348-1356 (Nov.—Dec. 1963). 

Review of mode theory of radio propagation in terrestrial wave- 
cece J. R. Wait, Rev. Geophys, 1, No. 4, 481-505 (Nov. 

Polymorphism of silver iodide, G. Burley, Am. Mineralogist 
48, 1266-1276 (Nov.—Dec. 1963). 

Equilibrium pressures of oxygen over Mn.O.-Mn;O, at var- 
ious temperatures, E. M. Otto, J. Electrochem. Soc. 111, 
No. 1, 88-92 (Jan. 1964). 

First-order perturbation corrections to the Hartree-Fock ap- 
proximation for helium, A. W. Weiss and J. B. Martin, Phys, 
Rey. 132, No. 5, 2118-2122 (Dec. 1, 1963). 
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The propagation time of a radio pulse, J. R. Johler, IEEE Trans. 
Ant. Prop. AP-11, No. 6, 661-668 (Nov. 1963). 

Incoherent inelastic neutron scattering and self-diffusion, R. 
Zwanzig, Phys. Rev. 133, No. 1A, A50-A51 (Jan. 6, 1964). 

Radiometry, M. M. Reynolds, R. J. Corruccini, M. M. Fulk, 
and R. M. Burley, Am. Inst. Phys. Handb., 2d ed., 6-153— 
6-172 (McGraw-Hill Book Co., Inc., New York, N.Y., 1963). 

On the relaxation of the hard-sphere Rayleigh and Lorentz 
gas, K. Andersen and K. E. Shuler, J. Chem, Phys. 40, No. 3, 
633-650 (Feb. 1, 1964). 

The ionization constant of m-nitrophenol from 5 to 50°, R. A. 
Robinson and A. Peiperl, J. Phys. Chem. 67, 2860 (1963). 

Transition array for d'>d’p: Vanadium m, H. Mendlowitz, 
Astrophys. J. 138, No. 4, 1277-1296 (Nov. 15, 1963). 

Two-crystal scintillation pair-spectrometer, B. Ziegler, J. M. 
Wyckoff, and H. W. Koch, Nuclear Instr. Methods 24, 301- 
315 (Feb. 13, 1964). 

Behavior of filamentous materials subjected to high-speed ten- 
sile impact, J. C. Smith, A. Fenstermaker, and P. J. 
Shouse, Symp. Dynamic Behavior of Materials, ASTM Spec. 
Tech. Publ. 336, 47-69 (1962) . 

The use of an analog computer in side-on are spectroscopy, 
J. B. Shumaker, Jr., and C. R. Yokley, Appl. Opt. 3, No. 1, 
83-87 (1964).° 

Interlaboratory evaluation of procedures for tongue-bearing 
strength of woven fabrics, E. B. Randall, Jr., Matr. Res. Std. 
4, No. 2, 53-61 (Feb. 1964). 

Calorimetry, G. T. Armstrong, Phys. Today 17, No. 2, 50-54 
ek 10, 1964) ; Science 143, No. 3602, 158-163 (Jan. 10, 
1964). 

Note on the 4-body system, T. Stovall and M. Danos, Physics 
Letters 7, No. 4, 278-281 (Oct. 23, 1963). 

Observation of optically forbidden transitions in the continuum 
of the rare gases by electron energy loss measurements, J. A. 
Simpson, S. R. Mielezarek, and J. Cooper, J. Opt. Soc. Am. 
54, No. 2, 269-270 (Feb. 1964). 

The standard potential of the silver-silver chloride electrode in 
water-mannitol solutions at 25°, M. Paabo and R. A. Rob- 
inson, J. Phys. Chem. 67, 2801 (1963). 

On the nature of the crystal field approximation. II. Numeri- 
cal results, R. T. Berger and C. M. Herzfeld, J. Chem. Phys. 
39, No. 4, 1122-1126 (Aug. 15, 1963). 

Normal congruence subgroups of the modular group, M. New- 
man, Am. J. Math. LXXXV, No. 3, 419-427 (July 1963). 

Calibration of potentiometers by resistance bridge methods, 
D. Ramaley, Instr. Control Systems 37, 106-108 (Jan. 1964). 

The direct determination of the crystal structure of NaB (OH). 
2H.0O, S. Block and A. Perloff, Acta Cryst. 16, No. 12, 1233- 
1238 (Dec. 1963). 

International symposium on the solar spectrum, Utrecht, 26-31 
aa 1963, C. E. Moore, Appl. Opt. 3, No: 1, 12 (Jan. 
1964). 

Penetration of portons, alpha particles, and mesons, U. Fano, 
Ann. Rev. Nuclear Sci. 13, 1-66 (Dec. 1963). 

Empirical rules for predicting ground-state spins of light nuclei, 
- at ae Phys. Rev. 133, No. 2B, B268-B269 (Feb. 27, 
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The melting (contraction) and recrystallization of fibrous pro- 
teins in nonaqueous media, L. Mandelkern, G. Canty, and 
Spee Diorio, J. Phys. Chem. 67, No. 12, 2882-2884 (Dec. 
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